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The cekium-cesium t o t a l  cross sect ion was f i rs t  measured by Estermann 

02 e t  a la1 The value they obtained (2350 A ) i s  unusually l a r g e  f o r  an atomic 

cross section, but it might be predicted on t h e  bas i s  of t h e  l a r g e  cesium- 

eesium dispers ion energy constant (2200x10-60 (erg) ( cm6) ) computed by 

Fontana. The current  i n t e r e s t  i n  cesium f o r  gaseous e lec t ronic  devices has 

prompteci a remeasurement of t h i s  cross section, and t h e  i n i t i a l  r e s u l t s  a r e  

2 

reported i n  t h i s  l e t t e r .  

Figure 1 shows the  e s s e n t i a l  6 e t a i l s  and geometry of t h e  experimental 

apparatus. The main oven 0, t h e  sca t te r ing  chamber SC and t h e  s c a t t e r i n g  

chamber reservoi r  SCR a r e  machined from s o l i d  blocks of high p u r i t y  copper. 

The SC and t h e  SCR are  connected by a thfn-walled s t a i n l e s s - s t e e l  tube. 

Each of these  components i s  equipped with ac heaters  t h a t  are used t o  maintafr! 

t h e  desired l o c a l  temperatures. An extensive iron-constantan thermocouple 

system moni-ters and controls t h e  temperatures of each of t h e  components during 

t h e  experimental runs. The beam sli ts  a r e  cut i n t o  0.051-mm-thick s t a i n l e s s -  

s t e e l  shim stock by an electron beam bombardment technique. The deteetor  D 

i s  a surface ionizat ion type employing a 0.053-mm-diameter tungsten fi lament.  

The p a r t i c l e  current  i s  measured by a Cary Model 31 Electrometer whose output 

feeds a s t r i p  char t  recorder.  

s t a i n l e s s - s t e e l  vacuum chamber t h a t  operates t y p i c a l l y  i n  t h e  X O - ~  t o r r  

The apparatus i s  mounted i n  a 32-in.-diameter 

range. Liquid nitrogen cold trapping and baffl ing are used t o  lower t h e  

coneentration of cesium i n  t h e  c r i t i c a l  areas of t h e  apparatus. 
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High p u r i t y  cesium (55. 95$)3 contained i n  vacuum-loaded pyrex capsules 

w a s  used as t h e  source mater ia l  f o r  both t h e  main beam and t h e  s c a t t e r i n g  

vapor, 

t h e  temperature of t h e  beam oven 

ing  chamber w a s  held at 110' C.  

(SCR) w a s  var ied between 0' and 60' C during each experimental run. 

temperature range provided s u f f i c i e n t  cesium vapor densi ty  i n  t h e  s c a t t e r i n g  

chamber t o  a t tenuate  t h e  t o t a l  b e m w w e e n  0 and 50 percent. 

After a thorough bakeout of t h e  apparatus (300' C f o r  at  least 8 h ) ,  

0 was maintained a t  163' C and t h e  s c a t t e r -  

The temperature of t h e  cesium reservoi r  

This 

Each time t h e  

cesium reservoi r  temperature was returned t o  0' C, t h e  t o t a l  beam returned 

t o  within k2 percent of i t s  i n i t i a l  value. Typical t o t a l  beam currents  were 

of t h e  order of lo-' A. 

Accurate alignment of t h e  s l i t  assemblies by o p t i c a l  methods w a s  confirmed 

during t h e  experimental runs by the  measurement of t h e  t o t a l  beam p r o f i l e .  The 

measured width at half  i n t e n s i t y  was 0.36 mm as compared t o  t h e  calculated 

width of  0.33 mm. 

b a s i s  of Kusch's c r i t e r i a *  i s  3.3 min. 

The angular resolut ion of t h e  apparatus estimated on t h e  

The densi ty  of t a r g e t  p a r t i c l e s  i n  t h e  SC was measured by blocking t h e  

main beam from t h e  oven d t h  t h e  shut te r  and by measuring t h e  r e s u l t a n t  

p a r t i c l e  current issuing from t h e  SC. The background l e v e l  of t h e  detector  

w a s  determined throughout each run by blocking both t h e  t o t a l  beam and t h e  

s c a t t e r i c g  chamber p a r t i c l e  current. Since t h e  accomodation coef f ic ien t  

f o r  cesium on most metal surfaces is close t o  one, we a r e  reasonably c e r t a i n  

t h a t  t h e  ve loc i ty  d i s t r i b u t i o n  of the p a r t i c l e s  i s su ing  from t h e  SC i s  

c h a r a c t e r i s t i c  of t h e  SC t e m p e r a t ~ r e . ~  From these  measurements, along 

with t h e  k i n e t i c  theory equations gmernfng effusive flow, t h e  p a r t i c l e  

dens i ty  of t h e  cesium vapor present i n  t h e  SC could be determined a t  each 

poin t  i n  t h e  at tenuat ion of t h e  main beam. 

F1 
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A t y p i c a l  p l o t  of  t h e  l o g  of  the t o t a l  beam current versus t h e  absolute 

magnitude of t h e  s c a t t e r i n g  chamber p a r t i c l e  densi ty  i s  presented i n  Fig. 2. 

The cesium-cesium cross sect ion w a s  obtained from t h e  slope of t h e  s t r a i g h t  

l i n e  u t i l i z i n g  t h e  hard sphere c o l l i s i o n  analysis  of Rosin and Rabi,' which 

takes  i n t o  account t h e  ve loc i ty  d is t r ibu t ions  of both t h e  beam and the 

s c a t t e r i n g  gas p a r t i c l e s .  

The cross sect ion measured f o r  t h e  f i v e  runs made t o  date a r e  given i n  

Table I. The average value of t h e  cross sect ion determined thus far is  

XLC) 2 , whQc'h i s  consis tent  wish Fk5emann's e t  a,l 2 1 2 value of 2350 2 i f  

allowance i s  made f o r  t h e  angular resolut ion of t h e  two experiments. The 

average r e l a t i v e  ve loc i ty  dur-fng the  runs i s  3.5X10 

estimate the e r r o r  i n  t h e  absolute magnftude of t h e  equivalent hard sphere 

4 cm/sec e We conservatively 

cross  sec t ion  t o  be 20 percent which i s  due e n t i r e l y  t o  t h e  problems asso- 

cia%ed with t h e  proper detemina"uon of t h e  densi ty  of t h e  cesium vapor i n  

t h e  s c a t t e r i n g  chamber, 
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TABLE I. - CROSS SECTION MEASUREMENT'S 

1 11790 

2 

3 

2090 

1845 > '2225 

J 

I 



20x10-10 r 

17.51 cm 

SCR 

'-sc 

,/r F2 

Figure 1. - Dlagram (not to scale) of atomic beam apparatus 
showing geometric location of components. Mafn oven, 0; 
scattering chamber, SC; scattering chamber reservoir, SCR; 
surface ionization detector, D; beam shutters, F1  and Fz. 
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Figure 2. -Total beam attenuation for r u n  3. 
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